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The transverse magneto-optical Kerr effect (TMOKE) in magnetite-based magneto-plasmonic
crystals is studied experimentally and theoretically. We analyse angle-resolved TMOKE spectra
from two types of structures where noble metallic stripes are incorporated inside a thin magnetite
film or located on top of a homogeneous film. A multiple wide band enhancement of the TMOKE
signal in transmission is demonstrated. The complex dielectric permittivity and gyration are ex-
perimentally determined using the ellipsometry technique as well as Faraday rotation and ellipticity
measurements. The obtained parameters are used in rigorous coupled wave analysis (RCWA) calcu-
lations for studying the optical resonances. Our RCWA calculations of transmittance and TMOKE
are in good agreement with the experimental data. The role of guiding and plasmonic modes in
the TMOKE enhancement is revealed. We demonstrate that the TMOKE provides rich information
about the studied optical resonances.
I. INTRODUCTION
Magneto-optical effects in magnetic nanostructure ma-
terials are currently attracting a great deal of attention
because they provide a possibility to control the intensity
of the reflected and transmitted light. This is the foun-
dation of the potential of the magneto-optical effects for
data storage [1], for use in optical isolation systems [2–
5], in various magnetic [6–8] and biological sensors [9–
12], and in optical filtering [13, 14]. Magneto-optical
effects can also be used for the realization of ultrafast
optical switches in nanophotonic circuits where instead
of a slowly varying external magnetic field short radio-
frequency or optical pulses are applied to govern the mag-
netization dynamics in magnetic media [15].
One of the most common and prominent intensity
effects is the transverse magneto-optical Kerr effect
(TMOKE) which is defined by the relative change δ of
the reflected or transmitted intensities I for the two op-
∗ e-mail: s.dyakov@skoltech.ru
posite directions of an in-plane magnetization M at the
interface between two materials:
δ = 2
I(M)− I(−M)
I(M) + I(−M) , (1)
with the incident plane of light perpendicular to the mag-
netization direction. TMOKE has been actively studied
in ferromagnetic metals [16–19] and has been used for the
investigation of the energy structure in ferromagnetic sys-
tems. In planar structures, e.g. homogeneous films con-
sisting of conventional magnetic materials, the TMOKE
has values less than δ = 10−3 which substantially limits
its applicability. Yet, TMOKE has an important fea-
ture, namely it is determined by the magnetic properties
of the interface and sample geometry and therefore can
be used for the control of light at the nanoscale. Recent
advances in nanotechnology allow one to synthesize mag-
netic nanostructures where the magnitude of TMOKE
is significantly increased in the vicinity of optical reso-
nances [20–25]. In particular, TMOKE enhancement has
been demonstrated in magnetoplasmonic crystals [26–33]
and magnetoplasmonic nanoantennas [34–37] where plas-
monic resonances come into play.
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FIG. 1. (Color online) Sketch of the samples used in the experiments and simulations. In all samples the magnetite film
thickness d = 100 nm, the grating period a = 580 nm, the gold stripes width w = 400 nm.
FIG. 2. (Color online) Scanning electron microscopy images
of samples B and C.
Of particular interest is the TMOKE in transmission
obtained in structures which lack of mirror symmetry.
Moreover, in some applications a finite transparency is
required which excludes purely metallic structures based
on ferromagnetic metals. Progress has been achieved in
hybrid plasmonic structures where the combination of a
noble metal and a magnetic dielectric with low optical
losses results in a significant enhancement of TMOKE
in the vicinity of surface plasmon polariton resonances
[26, 27]. TMOKE magnitudes up to δ = 15% have been
reported in bismuth substituted iron garnets (BIG) cov-
ered with gold gratings [29, 38].
In Ref. 38 a magnetoplasmonic system with a thin film
of bismuth iron garnet (BIG) and a grating of narrow
gold stripes was investigated. It was demonstrated that
in such a system the TMOKE enhancement is due to
the excitation of waveguide-plasmon polaritons [39, 40],
quasiparticles formed due to the strong interaction be-
tween a guided resonance mode in the BIG waveguide
and localized surface plasmons in the narrow gold stripes.
The investigation of different systems of magnetic mate-
rials with noble metallic structures promises new inter-
esting functionalities, especially concerning TMOKE in
transmission.
In this work we study magnetoplasmonic crystals con-
sisting of a magnetite film with gold nanostripe arrays.
The great interest in TMOKE properties of magnetite is
due to the fact that it is the most magnetic of all the
naturally-occurring minerals on Earth. Magnetite be-
longs to the class of ferrimagnetics; its magnetic proper-
ties were realized already since ancient times. Magnetite
offers a large variety of applications, from biomedical to
environmental.
In this article, we investigate what types of plasmonic
modes appear in such a system and which values of
TMOKE enhancement one can expect in them. To the
best of our knowledge, there are no publications describ-
ing the TMOKE properties of magnetoplasmonic systems
containing magnetite. Therefore, we believe that this
study can be interesting both from practical and funda-
mental viewpoints.
II. DESCRIPTION OF SAMPLES
In our theoretical and experimental studies we consider
the two samples shown in Fig. 1, each consisting of a
magnetite film with a gold stripe grating (Fig. 1). In
both samples the magnetite film thickness is d = 100 nm,
the grating period is a = 580 nm, the gold stripe width is
w = 400 nm and the gold thickness is h = 40 nm. We also
consider planar samples without periodicity which we use
as a reference. The geometry of these planar samples will
be explained hereinafter.
The magnetic films containing Fe3O4/a-Fe nanoparti-
cle complexes were synthesized with the laser electrodis-
persion technique onto a quartz substrate with subse-
quent annealing in vacuum (10−4 Pa) at T = 300◦C for
1 h. Single-crystal Fe3O4 was used as initial target [41].
X-ray diffraction and electron microscopy studies showed
that the average size of the magnetic nanoparticles in the
films was 6–10 nm and these particles have the crystal
structure of magnetite [41]. The coercive force and the
saturation magnetization of the synthesized nanostruc-
tured films were as large as ∼660 Oe and ∼520 emu/cm3,
respectively. These values are considerably higher than
3the corresponding parameters of polycrystalline Fe3O4
films.
200×200µm arrays of gold nanostripes were created by
lift-off electron beam lithography as follows: 300 nm thick
positive e-beam resist PMMA 950K (Allresist, GmbH)
was spin-coated on the substrate and e-beam lithogra-
phy was performed. After developing the e-beam pat-
tern, 40 nm gold with a 5 nm titanium adhesive layer
were deposited by thermal evaporation and the lift-off
process was performed leading to the gold stripes. E-
beam lithography and SEM characterization was car-
ried out by a electron microscope JSM 7001F (JEOL,
Japan), equipped with the e-beam lithography system
’Nanomaker’ (Interface Ltd, Russia). SEM images of
samples B and C are shown in Fig. 2. Because of electron
scattering in the magnetite film, the visible proportions
of the gold stripes of sample C are distorted in the SEM
image. Consequently, the gold stripes of the same width
in samples B and C look different in their SEM images.
III. OPTICAL CONSTANTS OF MAGNETITE
The optical properties of the magnetized magnetite can
be described macroscopically by the non-diagonal dielec-
tric permittivity tensor which in the linear approximation
for the magnetization has the form
εˆ =
 ε −igz igyigz ε −igx
−igy igx ε
 , (2)
where ε is the dielectric permittivity of magnetite in the
absence of magnetization. The diagonal components of
the dielectric tensor are all equal because there is no
anisotropy in nanocrystalline films of Fe3O4. The com-
plex gyration vector ~g = (gx, gy, gz) is proportional to the
magnetization ~g = α ~M where the proportionality factor
α does not depend on the magnetization direction. The
magnetic permeability µ is assumed to be unit.
The complex dielectric permittivity ε was determined
by the standard ellipsometry technique and is shown in
Fig. 3(a). One can note from Fig. 3(a) that magnetite has
rather high internal optical losses in the visible range.
For the theoretical consideration of magneto-optical ef-
fects, we also determined the complex gyration gz (see
Fig. 3(b)) by measuring the Faraday rotation and ellip-
ticity where the direction of light propagation was par-
allel to the magnetic field direction and perpendicular to
the magnetic film plane. These measurements were per-
formed in a magnetic field of about 0.6 T which is above
the saturation level of the synthesized magnetite films.
Since the parameter α does not depend on the magneti-
zation direction, we assumed that gx = gy = gz.
In spite of the fact that our magnetic films are non-
uniform and consist of Fe3O4/a-Fe nanoparticle com-
plexes, the obtained dielectric permittivity and gyration
are close to the literature data measured for monocrys-
talline and epitaxial films [42, 43].
(a)
(b)
Dielectric permittivity
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FIG. 3. (a) Real and imaginary parts of the dielectric permit-
tivity of magnetite evaluated from ellipsometry measurements
(dots) and our analytic model (black curves). (b) Real and
imaginary parts of the z-component of the gyration vector
evaluated from the spectral dependences of Faraday rotation
and ellipticity in Faraday geometry, respectively, measured
on a homogeneous film. Black curves represent the analytic
model for gyration.
To calculate the eigenmodes we need to know dielec-
tric functions of materials at complex frequencies. For
such dispersive material as magnetite, this is not a sim-
ple problem to restore its dielectric permittivity beyond
the real axis. The most convenient way, in this case, is
the construction of an analytical fitting function. For
this purpose, we used the program developed in Ref. 44,
which fits the permittivity by the Drude model and a
number of Lorentz poles.
We considered magnetite in a simple model with a sin-
gle Lorentz pole:
ε(ω) = ε∞ +
iσD
ω
− iσD
ω + iγD
+
iσL
ω − ΩL +
iσ∗L
ω + Ω∗L
(3)
Although the gyration of magnetite is not used for cal-
culation of the eigenmodes, we fitted it with a single
Lorentz pole for a proper extrapolation of the experi-
4mental data into the frequency band of interest:
g(ω) = ε∞ +
iσL
ω − ΩL +
iσ∗L
ω + Ω∗L
. (4)
The dielectric permittivity of gold given by the John-
son and Christy data [45] was fitted just by a Drude
term. Optimized parameters of the models are given in
table I and the comparison between experimental data
and analytical results is depicted in Fig. 3.
Au Fe3O4 g
ε∞ 11.0310 1.3211 -0.0128
γ(eV) 0.0928 19.0790 -
σ(eV) 932.3400 4.2403 -
Ω′L(eV) - 1.4198 1.5706
Ω′′L(eV) - -0.7463 -0.3650
σ′L(eV) - 2.6652 0.0232
σ′′L(eV) - -1.6837 0.0036
TABLE I. Optimized model parameters for gold, magnetite
and its gyration g.
IV. THEORETICAL METHOD
To calculate the reflection and transmission spectra we
used a Fourier modal method in the scattering matrix
form [46], also known as rigorous coupled wave analysis
(RCWA) [47]. In order to achieve a better convergence
with respect to the number of plane waves, we employ the
Li’s factorization rules [48]. In our RCWA simulations,
we used 51 plane waves. The eigenmodes of structures are
calculated by finding the poles of the scattering matrix
[49].
V. OPTICAL RESONANCES IN
MAGNETOPLASMONIC CRYSTALS WITH
MAGNETITE
To understand the features of light interaction with
our magnetoplasmonic systems we start with the theo-
retical analysis of eigenmodes. We begin with the sim-
plest structures and then gradually increase their com-
plexity as it is shown in Fig. 4 (a-c). The behaviour of
eigenmodes of simple homogeneous structures is impor-
tant because, as we will demonstrate, it helps explaining
the more complex modes picture of the structures with
periodic gratings.
The dispersion and intensity profiles of the eigenmodes
of a 40 nm thick homogeneous gold film on a silica sub-
strate are shown in Fig. 4(e,i,m). These modes are sur-
face plasmon polaritons (SPPs) along the air/gold and
gold/silica interfaces and are mixed with each other due
to their close spatial localization.
Next, the eigenmodes of a 100 nm thick magnetite film
on a silica substrate are described in Fig. 4(f,j,n). Since
the refractive index of magnetite is larger than the re-
fractive index of silica, these modes represent the guided
resonances of the magnetite film waveguide. The upper
branch is TM polarized, while the lower branch is TE
polarized. Due to the boundary conditions of the electric
displacement vector and the high refractive index ratio
of magnetite and silica, the guided mode in TM polar-
ization almost perfectly avoids the magnetite film and is
localized mainly in the substrate (Fig. 4(j)). In contrast,
the guided mode in TE polarization is confined within
the waveguide (Fig. 4(n)).
Further, we merge the gold and magnetite films,
first by placing the gold film above the magnetite film
(Fig. 4(c)). As a result we obtain three hybrid modes
shown in Fig. 4(g). The dispersion curve of the upper
mode reminds to the gold/air SPP mode of the plain
gold film on silica, i.e. it is close to the air light line
and hence its field profile is mainly localized in air. The
dispersions of the other modes are below the silica light
line; they are localized both in the magnetite film and
the substrate.
Finally, we consider the case where the gold film is
below the magnetite film (Fig. 4(d)). In such a structure
one also can observe three hybrid modes (Fig. 4(h)). One
of the modes is close to the silica light line and represents
the gold/silica SPP. The two other modes are below the
air light line, they decay in air but can propagate in the
substrate.
We would like to emphasize that the modes of struc-
tures composed of gold and magnetite are hybrid and
the plasmonic and photonic contributions to the differ-
ent modes differ.
All modes described so far are below the air light line
(dashed line in Figs. 4(e–h)) and, hence, they do not ap-
pear in far field transmission or reflection spectra due to
the momentum conservation law. The presence of a pe-
riodic gold grating in the samples B and C folds these
modes into the first Brillouin zone leading to Fano reso-
nances and making them visible in the far field [46, 50]. In
periodic systems like ours, at the high-symmetry points
of the Brillouin zone (k‖ = 0, pia , etc) the modes degener-
acy is partially lifted which gives rise to families of modes
(see, for example [46, 51, 52]). In addition to that, lo-
calized surface plasmon modes can appear on individual
gold stripes [53]. All of these modes interact with each
other creating the eigenmode dispersions shown in Fig. 5.
The field distributions of some of these modes are shown
in Fig. 6.
The resulting photon quasimomentum k‖ and energy
a/λ dependences of transmission and TMOKE for the
samples B and C are shown [54] in Fig. 5(b,c,e,f). The
spectral positions of the transmission maxima and min-
ima are close to some of the dispersion curves shown in
the Fig. 5(c,d). Also, one can see that due to the high
absorption in magnetite, the transmission and TMOKE
spectra do not have sharp resonance peaks which are usu-
ally observed for low absorbing periodic slab waveguides
or magnetoplasmonic crystals [26, 38, 55]. As a result,
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FIG. 4. (Color online) Sketches of planar structures (a–d), their eigenmodes (e–h) and normalized electric field intensity profiles
(i–r). In panels (e–h) dashed and dotted lines show the air and silica light line, respectively. The mode profiles in (i–r) are
calculated at points specified by red, blue and green circles on the dispersion curves in (e–h). Colors are used to differentiate
the field profiles without further physical meaning. Dashed vertical lines in (i–r) show the interfaces between layers. The z = 0
position corresponds always to the interface with air.
the spectral features in the TMOKE spectra are wide.
It is worth noting that the TMOKE spectra of the
samples B and C appear to be rather informative as they
exhibit color changes (the white stripes) which often, but
not always, can be associated with a particular resonance
that is not clearly visible in the transmission spectra. To
demonstrate this, we consider the example of a line with
a normalized Lorentzian shape belonging to an arbitrary
resonance:
L0(ω) =
I0γ
2
(ω − ω0)2 + γ2 , (5)
where ω0 is the position of the maximum, γ and I0 are
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FIG. 5. (Color online) Panels (a) and (d) show the eigenmodes of the samples B and C, respectively. The dispersions of the real
part of the eigenenergies are shown by lines. Calculated transmission coefficients (b), (e) and TMOKE (c), (f) of the samples
B and C as a function of in-plane wavevector kx and a/λ. Red dots in panels (a) and (d) denote points where the electric field
distribution is calculated.
the parameters of the Lorentzian. Suppose that under
the action of an external magnetic field, the spectral line
is shifted. We consider two Lorentzian functions
L1,2(ω) =
I0γ
2
(ω − ω0 ±∆ω)2 + γ2 , (6)
where the spectral shift 0 < ∆ω  γ. It can easily be
shown that
L1,2(ω) ≈ L0(ω)
[
1∓ 2∆ω(ω − ω0)L0(ω)
I0γ2
]
. (7)
The resultant TMOKE signal reads as
δ = 2
L2(ω)− L1(ω)
L2(ω) + L1(ω)
=
4∆ω(ω − ω0)L0(ω)
I0γ2
. (8)
This expression immediately gives the change of the sign
of the TMOKE response at the resonance frequency ω0.
That is why TMOKE spectra in general provide bet-
ter contrast for resonance observation than transmission
spectra. Indeed, in the TMOKE spectrum shown in
Fig. 5(c), the lowest white stripe at (a/λ) ' 0.55 in-
dicates the existence of an eigenmode below the inter-
section of the folded silica light lines. As can be seen
in Fig. 5(a) this mode indeed exists (red dot), however
it hardly can be seen in the corresponding transmission
spectra (Fig. 5(b)).
The above discussion reveals two mechanisms of modes
hybridization in the magnetoplasmonic crystals B and
C. The first mechanism is the coupling between the sur-
face plasmon polaritons and the guided modes due to the
their close spatial localization. The second mechanism is
the interaction of these already hybrid resonances with
the photon continuum, which leads to the appearance
of Fano-type resonances in the optical transmission and
reflection spectra of such structures.
In order to understand which mechanism is responsible
for the TMOKE enhancement we compare the TMOKE
spectra calculated for the three planar samples from
Fig. 4(b–d), and the two magnetoplasmonic systems B
and C. One can see from Fig. 7 that only the magne-
toplasmonic systems B and C have the TMOKE signal
enhanced with respect to the planar magnetite film on
silica. This proves that both hybridization mechanisms
are needed for observing strong TMOKE signal.
7mode A mode B mode C mode D mode E mode F
mode A mode B mode C mode D mode E mode F
Sample B
Sample C
0
max
FIG. 6. (Color online) Electric field intensity distribution in samples B and C at the frequencies and wavevectors specified by
the red dots in Fig. 5(a),(d). Colorscale is shown on the right.
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FIG. 7. (Color online) TMOKE spectra calculated for the
three planar samples from Fig. 4(b–d), the two magnetoplas-
monic systems B and C, and the one periodic magnetite slab
waveguide without gold. Thicknesses of periodic and non-
periodic parts are 40 nm and 100 nm, respectively, period is
580 nm, air trenches width is 180 nm.
FIG. 8. (Color online) Magnetic field dependences of the
TMOKE for a structure similar to sample B measured at 23◦
angle of light incidence at λ = 810 nm. Solid line corresponds
to Eq. 9, dashed line to switched indices.
VI. EXPERIMENTAL DEMONSTRATION OF
THE TMOKE ENHANCEMENT
In our experimental studies the samples are positioned
between the ferrite cores of an electromagnet, with the
8Sample B Sample B Sample C
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FIG. 9. (Color online) Experimental (a–c) and theoretical (d–f) spectra of TMOKE in reflection (a,d) and transmission (b,c,e,f)
for the samples B and C. Data are shown for incidence angles of +10◦ and -10◦.
FIG. 10. (Color online) Theoretical and experimental wavelength and angle dependences of transmission (a–d) and TMOKE
in transmission (e–h) for the samples B and C in p-polarization.
external magnetic field varying from 0 up to 0.6 T ori-
ented in-plane of the magnetic film and perpendicular
to the incidence plane. Angle and wavelength resolved
reflectivity and transmission spectra were measured at
a temperature of 300 K using a tungsten halogen lamp,
which illuminates the sample with p-polarized light.
The dependence of the TMOKE magnitude on the ex-
ternal magnetic field strength can be used as an indicator
for the magnetization curve of the sample. These mea-
surements were conducted for one particular incidence
angle of (23± 1)° by rotating the sample around the axis
parallel to the direction of the transverse magnetic field.
9An achromatic doublet lens was used to focus the p-
polarized light onto the grating area and a second one
to focus the transmitted light onto the spectrometer slit
and the attached CCD. Because magnetite is known to
show magnetic hysteresis, the magnetic field was swept
between −105 mT and 105 mT in forward and backward
direction in steps of 7 mT, reaching saturation magneti-
zation of the sample at the peak values. At each strength
of the magnetic field the light intensity was detected. In
accordance with Eq. 1 the parameter δ was calculated
by comparing the transmitted intensities Ix(±B) at op-
posite magnetic field directions ±B, where the subscript
x indicates the direction of the magnetic field scan (f
being forward, b backward)
δ = 2
If(+B)− Ib(−B)
If(+B) + Ib(−B) (9)
and with switched subscripts to get a complete hysteresis
curve.
Fig. 8 shows this magnetic field dependence of the
TMOKE for the wavelength λ = 810 nm of the transmit-
ted light for a magnetite structure with a gold grating
on top, similar to sample B. The solid line is calculated
according to Eq. 9 and the dashed one represents the
dependence with switched indices in the equation. Satu-
ration of the TMOKE and thus of the sample magnetisa-
tion M already takes place at a magnetic field of 100 mT,
while hysteresis behavior is identified for lower magnetic
fields. The shape of the hysteresis curve of the TMOKE
is the same for different wavelengths, always saturating at
100 mT, but its magnitude and sign change in the vicin-
ity of a resonance as shown by Eq. 8. We notice that the
saturation level for the transverse Kerr effect geometry
(Voigt) is about one order of magnitude smaller than that
for the polar Kerr effect in Faraday geometry [43]. This
is due to the appearance of a demagnetizing field which
depends on the orientation of the applied magnetic field
with respect to the sample surface [56]. For the polar
Kerr effect the demagnetizing field is maximal because
the magnetic field is oriented along the magnetite films’
hard axis and along the easy axis for the TMOKE ge-
ometry, leading to the need of weaker magnetic field ap-
plication in order to reach the saturation magnetization.
All further measurements were conducted at saturating
external magnetic fields.
To measure TMOKE at different angles we use a
Fourier imaging spectroscopy setup [57]. A microscope
objective with an N.A. of 0.4 is used both to focus the
incident light onto the sample and to collect the reflected
light in backscattering geometry, resulting in an angu-
lar range of -23◦ to +23◦ that can be covered in experi-
ment. For transmission measurements an identical micro-
scope objective is used behind the sample to collimate the
transmitted light. In both cases a telescope consisting of
two achromatic doublets maps the collimated light onto
the imaging spectrometer slit and the CCD behind it,
providing a spectral resolution of 0.6 nm and an angular
resolution of about 0.4◦. To deduce the TMOKE param-
eter δ according to Eq. 1 the reflected or transmitted
intensity is measured for opposite magnetic field direc-
tions at saturated sample magnetization. By switching
the magnetic field direction multiple times and repeating
the measurement each time, fluctuations of the lamps in-
tensity were eliminated and the signal to noise ratio was
increased.
Fig. 9 shows in the top row spectrally resolved TMOKE
measurements in reflection (sample B) and transmission
geometry (samples B and C), each comparing the effect
from the plain magnetite film (yellow and purple) to that
from the plasmonic structures (blue and orange). All
measurements shown select an angle of ±10° from the
Fourier imaging spectra. In the bottom row we show
the results of the theoretical simulations for comparison.
The TMOKE in reflection geometry (left) reaches a max-
imum value of 0.1 % both for plain magnetite and com-
bined with the plasmonic grating. While the TMOKE
magnitude from the plain magnetite film shows a mono-
tonic rise with increasing wavelength, the plasmonic sig-
nal changes sign once at 800 nm and likely also a second
time around 900 nm, which is slightly out of the measured
range. The maximum TMOKE occurs around 850 nm.
Compared to reflection we observe a general enhance-
ment of the plasmonic TMOKE magnitude in transmis-
sion (center), reaching 0.75 % at 890 nm. The general
shape of the signal is the same with all features moved to
slightly higher wavelengths, e.g. the two zero crossings
now occur at 825 nm and 958 nm. On sample C (right),
with the gold grating located at the interface between
magnetite and substrate, the resonances shift and the
spectral dependence of the TMOKE signal changes com-
pared to sample B, revealing more features. We observe
the maximum TMOKE signal of 0.45 % around 835 nm,
now with three zero crossings occurring around 786 nm,
920 nm and 958 nm. On both samples the TMOKE in
transmission from the plain magnetite film is weaker
compared to reflection, only reaching about 0.03 % while
maintaining the general monotonically growing shape.
The enhancement of the TMOKE signal due to the grat-
ing structure is observed only in transmission. We at-
tribute this effect to the excitation of the hybrid modes
discussed above. In all samples the peak to peak width
of the TMOKE response is in the order of 100 nm and
thus spectrally broad. This can be attributed mainly to
the broad plasmonic and waveguide resonances seen in
the transmission spectra.
The two-dimensional angle resolved TMOKE spectra
in transmission are shown in Fig. 10 on the left in com-
parison to the theoretical simulations shown on the right.
These Fourier plots present a more intuitive way to fol-
low the dispersion of resonant modes. The top row shows
the transmission through the respective sample, going
from black through red and yellow to white for increas-
ing transmission. Here the transmission is defined as the
transmitted intensity through the sample with gold grat-
ing normalized to the intensity without the grating on
the sample, thus showing the influence of the grating
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structure on the transmitted light and removing influ-
ences of optics or the lamp spectrum. Both for sample B
and C resonant features due to the grating structure are
observed as minima or maxima in the transmission spec-
tra. On sample B the feature with decreased transmis-
sion in the p-polarized measurements can be attributed
to a plasmon resonance, as this feature is not visible in
measurements with s-polarized light. Due to the grating
period of 580 nm the resonance can be attributed to the
air-gold plasmon. The plasmon at the gold-magnetite
interface is expected at lower wavelength outside of the
measured range due to the higher refractive index of mag-
netite. A feature with increased transmission crossing the
plasmonic resonance is also visible in s-polarized mea-
surements with slightly shifted resonance frequency due
to different boundary conditions. It is not visible without
the grating structure though, identifying it as waveguide
mode inside the magnetite film.
Looking at the same points in the TMOKE measure-
ment below, the plasmonic resonance is vaguely visible,
but not as sign change of a strong TMOKE signal that is
usually connected to a plasmonic resonance in a magne-
toplasmonic system influenced by a magnetic field. This
confirms that this plasmonic resonance is located at the
interface between the gold grating and the surrounding
air and thus is influenced by the magnetic field only
weakly through the spatially close magnetic magnetite
film and a hybridization of the two crossing modes. The
region close to the bright resonance shows the strongest
TMOKE signal, reaching δ = ±0.75 % in the wide colored
area between 800 nm and 950 nm and showing the usual
sign change but with lower magnitude on the other side
towards lower wavelengths. Close to the crossing point
with the plasmon resonance an influence on the waveg-
uide mode is visible, which deviates from the expected
straight path towards higher wavelengths due to stronger
hybridization of the two modes. This further confirms the
interaction between the magnetic waveguide and the non-
magnetic plasmonic resonance. Such an interaction was
shown in previous studies on iron garnet films support-
ing plasmonic resonances [29]. With increasing distance
from the waveguide mode the TMOKE magnitude de-
creases. Measurements in s-polarization show TMOKE
neither from the resonances nor the non-resonant regions,
as expected. The theoretical simulations reproduce these
features well. The same resonances are visible, leading
to the same TMOKE signal. The hybridization between
the two modes can be seen notably well in the simulated
TMOKE spectrum, showing a comparably weak signal
for the plasmonic resonance which is highest at the cross-
ing point with the magnetic waveguide mode.
Sample C shows a similar transmission and TMOKE
spectrum (Fig 10(c), again showing the waveguide mode.
The waveguide mode shows an X-shape in the trans-
mission spectrum, which separates regions of higher and
lower transmission. This leads to a region of low trans-
mission at high wavelengths and small angles and one
with high transmission for small angles and wavelengths.
Because the gold grating is located inside the magnetite
film the air-gold plasmon is visible only as a faint rem-
nant due to the rather thin magnetite cover. Also the
plasmon resonance between gold and the silica substrate
is not inside the measured wavelength range.
In the TMOKE spectrum the highest TMOKE is
reached in the region between 800 nm and 900 nm with
0.45 %. The waveguide mode can be identified here, too,
replicating the X-shape seen in the transmission spec-
trum: The upper section of the cross (λ > 850 nm) is
seen as a white line with no TMOKE between areas of
opposite TMOKE (red and blue) and the same trend
as the waveguide mode in the transmission spectrum.
For wavelengths below the crossing point of the waveg-
uide mode (λ < 850 nm) in the transmission spectrum,
the TMOKE’s white line is not perfectly following the
straight waveguide resonance anymore, mainly close to
the crossing point with the remnant of the air-gold plas-
mon around 730 nm. As already seen on sample B, due
to the spectral overlap of the TMOKE signals of the two
resonances the TMOKE signal’s white line is also shifted
towards higher wavelengths, but less strongly for sam-
ple C. A local maximum of TMOKE is visible at the
waveguide mode position seen in the transmission spec-
trum. The mentioned plasmonic resonance between air
and gold is only weakly visible in the TMOKE spectrum,
both in experiment and theory, indicating a weaker influ-
ence by the magnetic materials. Moving the gold grating
into the magnetite film thus proves as a good strategy to
still allow the excitation of waveguide modes but dimin-
ish the influence of the plasmon resonances. Again the
simulations show a picture similar to the experimental
data, namely inhibiting the plasmonic resonance and its
influence on the strong waveguide mode in the transmis-
sion and TMOKE spectra.
VII. CONCLUSIONS
In conclusion, we have studied the TMOKE in synthe-
sized structures with magnetite and gold nanostripes. We
have demonstrated the multiple wide-band enhancement
of the TMOKE response in magnetoplasmonic crystals
compared to the bare magnetite film. The effect takes
place in transmission only, where enhancement by more
than an order of magnitude is observed. We have shown
that this effect is due to the hybridization of the guided
modes of the magnetite film and the plasmonic modes of
the gold grating. The hybridization between the modes
can be optimized by proper choice of the geometry of the
structure and its parameters, as demonstrated for the
case of the air-metal plasmon resonance. Since the easy
axis of the magnetic films is located in the plane of the
structure, the TMOKE magnitude saturates already in
small magnetic fields of about 100 mT and shows clear
hysteresis behaviour, allowing one to perform switching
of the light intensity between two states. This can be
useful for future investigations of these structures and
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possible applications, because the wide-band TMOKE
response is robust against changes of wavelength and in-
cidence angle of the light in these regions.
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